Introduction
X-chromosomal recessive Duchelzne muscular dystrophy tD3ID) is caused by deficiency of dystrophin, a submernbraneous cytoskeletal protein (17, 19) . Dystrophin is associated nith an oligomeric complex of sarcolernrnal glycoproteins linking the intracellular actin skeleton n~th the extracellular matrix (8, 11. 12) . Dystrophin deficiency leads to reduced expression of these dystrophin-associated glycoproteins (DAGs) (1 1, 23). .Autosoma1 recessive limb girdle muscular dystrophy of variable severity is related to the deficiency of adhalin, a 50 kD-component of the DLIG complex, whle dystrophin expression is preserved (22) . In some patients
LGMD, subsequently termed LGMD 2D, is associated with mutations of the adhalin gene on chromosome l i q (1, 7 , 2'7, 30) . Ho\ve~-er, in some Xorth African patients adhalin-deficient
LGhLD, subsequently termed LGLMD 2C, has been linked to chromosome 13q12 (4, 5 , 7); adhalin-deficiency is supposed to be secondary in these cases.
Genetic markers tvithm the dystrophin gene have been linked to an X-chromosomal, non-s!ndromic form of neurosensory hearing loss (20) although auditory dysfunction has not been implicated with DhlD (2, 33) . Recessive (13) and dominant (9) non-syndromic forms of deafness (NSRDl locus) were mapped to the 13q11 region in close proximity with the LGlMD 2C locus. In these cases of hearing loss, evidence of muscular dystrophy has not been reported. Here, we describe the combination of neurosensory hearing loss and severe muscular dystrophy due to secondary adhalinopathy in a Bulgarian sibship of Turkish origin. The suspected region was explored with markers and sequence-tagged sites (STSs) included in a recently obtained YAC contig covering the NSRDl and the LGLMD 2C loci (14).
Case report

Family histo y
A neuromuscular disorder or auditory dysfunction did not occur before in this Bulgarian family of Turkish origin. The parents of the affected sibshlp were not consanwnous. Two brothers were healthy. Linkage analysis was performed using seven (,lFM248\vc 1) (35). For the chromosome l7q2 1 region we used one microsatehte located nlthin the intron 6 of the adhalin Pre-and immediate postnatal development gene (D 17s 13 19) ( 1) and the extragenic microsatellites was uneventful. Early motor milestones were reached in time. D17S791 (.mIl55sdl2) and DlSS941 ( m E 6 k d l ) (15). However, the parents reported that first signs of muscular weakness appeared during the following year in both cases, Deletions in the 13qll-ql2 region were and that progressive deterioration occurred at the age of in searched by PCR using six STSs (D13S 1 1 15, D 13S1122, the girl (Patient 11-2) and at the age of in the boy (Patient D 13S1123, D 13S1124, D 13s 1 125, D13S 1128) comprised in n-3). Aged 12 yrs (Patient n-2) and 10 y n (Patient 11-3) at the a ' 7 ' A' b YIC established between D13S143 and time of our examination both had a waddling gait. They were (I4). not able to stand up bom a sitting position. The degree of muscular weakness was similar in both patients. ~Varginal calf enlargement possibly was non-specific and due to generalized Audiomet y adiposity. There were no joint contractures. Both patients suffered from planovalgus deformity of the feet. There was no Unspecific disturbances of the middle ear were evidence of cardiomyopathy by echocardiography. Intelligence excluded by local inspection. Subjective hearing capacity was was normal. Activity of serum creatin kinase was 7840 UA in tested by pure tone threshold audiometry. Both air and bone the boy and 1 1557 UA in the girl.
conduction of sound were used for testing.
Both siblings suffered from hearing loss which had not been detected before our examination. Hearing loss was slightly more pronounced at higher frequencies (Fig. 1) .
Results Similar results of air-and bone-conduction tests indicated a neurosensory disturbance. The boy (max. loss of 55 dB at 6
Muscle immunohistology kHz) was more severely affected than his sister (max. loss of 40 dB at 6 kHz). There was no hlstory of damage due to excessive of both affected siblings showed preserved or noise, of sudden hearing loss after an infection, or of potentially mmy reduced expression of dystroPhin 2), B-dystroharmful drug intake.
glycan, laminins a 2 , p 1 , y,, and spectrin (not shown). Due to the marked dystrophic changes of the specimens, fibre surface Methods staining was irregular in some places. In contrast, adhalin (50 DAG or a-sarcoglycan) was clearly reduced, with a few traces of Immunof2uorescence immunorextive material detectable on some fibres (Fig. 2) . Moreover, a 35 kD dystrophin-associated protein detected with
Five pm cryosections of the muscle specimens hk4-2 antibody in normal muscle (36) was lacking completely,
were placed on Poly-L-Lysine (Sigma, St. Louis, US) coated and A3b was detectable only in traces (Fig. 2) .
. , .
Hearing Loss in LGMD 2C
Neumpediatrics 27 (1996) 35 Discussion knowledge expression of dystrophin and DAGs in the inner ear has not been investigated as yet (3, 10, 25, 29, 31, 39) . The i-elation of muscular dystrophy in Patients 11-2 and II-3 to adhalinopathy was indicated by markedly reduced expression of adhalin (50 DAG) and complete deficiency of a 35 kD dystrophin-associated protein as opposed to the preserved expression of dystrophin, P-dystroglycan (43 DAG) and laminin (22, 24) . Moreover, A3b labeling was vastly decreased revealing a generally reduced expression of the sarcoglycan complex. The sarcoglycan complex consists of dystrophin-associated and membrane-integrated proteins that do not seem to bind directly to dystrophin or laminin (24). Hence, the effects of adhalin-deficiency on sarcolemmal integrity andlor bridging between intra-and extracellular matrices deserve further evaluation.
Adhalinopathy of our patients was sho~vn to be secondary by exclusion of a linkage with the adhalin gene locus (1, 30). Secondary adhalin deficiency in LGhlD 2C has been linked to chromosome 13q12 (4, 5). Indeed, allelic distnbution of 13ql2-microsatellites was identical in the affected siblings but different in other family members, consistent with a linkage of LGIMD and hearing loss in our patients to this chromosomal region. The existence of a thud gene locus of adhahopathy cannot be ruled out, however. hlicrosatellite markers also indicated that our patients are compound heterozygotes, suggesting different mutations on each chromosome. In addition, deletions or large-scale rearrangements of the 13q12 gene locus have not been found. We conclude that the combination of hearing loss and muscular dystrophy in our patients is not likely due to a contiguous gene syndrome.
Neurosensory hearing loss is associated with distinct myopathies like iLLEL,lS-mitochondriopathy (16), myotonic dystrophy (32) and facioscapulohumeral dystrophy (6, 33). However, hearing impairment has not been implicated with DhlD and DivlD-like muscular dystrophies (2, 33). Nonetheless. a non-svndromic ?(-chromosomal form of sensorineural hearing loss maps to markers within the dystrophin gene (20). Furthermore. a dominant form of dea£ness (21) maps to the same region of chromosome 9 as a dominant form of limbgirdle muscular dystrophy (LGIMD 1A) (7). Likewise, the 13qll-q12 region, where LGIMD 2C maps, also contains a locus for recessive (13) and dominant (9) forms of deafness. However, neither has muscular dystrophy been reported in patients with these forms of deafness nor has hearing loss been described in LGlMD 1A or 2C (4, 5, 7, 13, 23, 38) . We show that LGiMD with secondary adhalin deficiency may be associated with mild-to-moderate neurosensory hearing loss but we cannot completely exclude a coincidental combination of these disorders. In view of clin~cally silent electroretinographic abnormalities in DMD-patients (28) Lalwani et a1 (20) 
